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Abstract 
The combined process of acidification and ferric-carbon micro-electrolysis was used to pre-treat oil shale retort 
wastewater. The influence factors, such as optimum acidized condition, ferrous-carbon ratio, pH value and reaction 
time were investigated. The results showed˖in the acidification processˈthe optimum oil shale retort wastewater 
acidized conditions were pH value 4.0 and sediment 24h, the content of mineral oils was 1670mg/L, and its removal 
rate was 61.52%; the content of CODcr is 7400mg/L, and its removal rate was 28.85%; the content of volatile phenol 
was 891.17mg/L, and its removal rate was 17.03%. In the ferric-carbon micro-electrolysis process, the treatment 
effect of ferric-carbon micro-electrolysis was the best with ferrous-carbon ratio 5:8, pH value 5.0, reaction time 
60min and sediment 2h. After the combined pretreatment of acidification and ferric-carbon micro-electrolysis, the 
content of CODcr was 1600mg/L, and its removal rate was 78.38%, the content of phenol was 21mg/L, and its 
removal rate was 97.64%, the content of colority was 697.32 degree, and its removal rate was 79.68%. At the same 
time, the BOD/COD value of wastewater increased from 0.05 to 0.34 that fully showed the improvement of 
biochemical property. 
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1.  Introduction  
Oil shale is a kind of high ash-content organic rocks .It is composed of a variety of inorganic mineral 
and organic matters and is increasingly paid attention to the whole world in the situation of the reserves of 
petroleum reducing and the prices increasing[1]. Oil shale resource in china is very abundant and its 
reserves is the forth of world, and the Jilin’s has always been proved up at the first throughout the country. 
At present, shale oil is produced generally adopting cryogenic dry distillation process at home and aboard, 
and producing organic refractory effluent with complex pollutant constituents and high concentration of 
carbonization wastewater. Oil shale retort wastewater is composed mainly of organic compounds and 
includes large number of suspended solids, mineral oils, oxo-derivatives and nitrogen derivatives. They 
are mainly soluble and a small  quantity of emulsifiedstate; meanwhile, the content of aromatics and 
oxygenated chemicals is higher and they has inhibitory effect on microorganism. It will cause oil shale 
retort wastewater poor biodegradability and can not removal them by using a single physical, chemical, or 
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biological method. Therefore, it will cause greater attention to the treatment and recycling of oil shale 
retort wastewater in the sight of environmental protection and energy saving and emission reduction. 
Oil shale retort wastewater is mostly discharged directly or recycled by treating simply in China[2]. 
There were not the correlative reports of effectively handling. Oil shale retort wastewater is low 
biodegradability and is difficulty to be degraded by organism. So choosing reasonable pretreatment has 
the vital significance upon for further biological treatment. Vitamin B1 pharmaceutical waste water is a 
kind of wastewater with high content of organic matters, high colority and poor biochemical performance 
and is hard to degrade. Yan Wang[3] disposes it by iron-carbon micro-electrolysis-coagulation and gets 
good effect. Hongli Liu[4] disposes antibiotic pharmaceutical wastewater by micro electrolysis-UASB-
MBR. The experimental results show that the wastewater reaches GB8978-96 the second effluent 
standard after treatment. Ferric-carbon micro-electrolysis is redox, flocculation, catalytic oxidation, 
complexing action and electric deposition in one. It could effectively eliminate the color of the oil shale 
retort wastewater and  reduce the CODcr[5]. 
The process of acidification and ferric-carbon micro-electrolysis was used to pretreat oil shale retort 
wastewater in this article. It significantly reduced colority, the content of volatile phenol and organic 
matters, a stronger foundation was laid for biochemical treatment followed. 
2.  Materials and Methods  
2.1 Source and quality of the wastewater 
Oil shale waster comes from oil shale refinery the city of huadian in JiLin province and is produce in 
the process of distillation, its main components included: mineral oil, CODcr, volatile phenol and SS, etc. 
The result of water analysis is as shown in Table 1. 




2.2  Testing programs and methods 
DBJ-621 timing variable-speed blender: JBY-Ċ type flocculation blender.  
Iron: Size was 1 ~ 3mm, The cast iron scrap was immersed firstly for 120 min in 5% NaOH 
solution to remove the oil film on the surface and then washed with water until the eluate was 
neutral. Before being used, it was immersed in the dilute sulfuric acid of pH=3 for 30 min to remove 
the oxidation film on the surface in order to increase the surface area and the activation. Then, it was 
washed with water until the eluate was neutral[6]. 
Activated carbon particles: size is about 1mm, the plant of Tian Da purification materials fine 
chemical plant in Tianjin.  
2.3 Test items and methods  
The main analytical items: CODcr, pH, SS, color, volatile phenol, mineral oil. 
The specific analytical methods are as follows: CODcr: potassium dicolorityte method (GB11914-89); 
pH: pH meter (GB/T10468-89); SS: gravimetric method (GB11901-89); colority: ultraviolet 
spectrophotometry (GB11903-1989); volatile phenol: 4-Amino antipyrine spectrophotometric method 
(GB7490-87); mineral oil: gravimetric method (SY/T0601-1997); BOD: BOD rapid determination (BOD-












1074.08 502 8.71 
 Xiaohui Guan et al. /  Energy Procedia  17 ( 2012 )  1655 – 1661 1657
3.  Results and discussion 
3.1 The treatment of oil shale retort wastewater by acidification and oil separation 
The pre-treatment of acidification and oil separation was used by the effect of mineral oils 
emulsion breaking in the acid condition to acidize, and then mineral oils in the oil shale retort 
wastewater were treated by oil separation such as the separatory filtration process[7]. 
Water samples were gotten respectively, adjusted solution pH, stired and precipitated 24h. The 
supernate of samples were taken and determined CODcr and mineral oils. Results of the experiment were 
seen in Table 2. 
Table 2 The quality of oil shale retort wastewater after acidification 
pH value 3 4 5 6 7 
Mineral oils ˄mg/L˅ 3817 1670 2266 4090 4210
CODcr  (mg/L) 7536 7400 8600 9979 9760
volatile phenol (mg/L) 930.4 891.17 964.3 970.2 984.6
 
        Table 2 shows that satisfactory removal efficiency was obtained when pH was 4.0, the removel rates 
of mineral oils was 61.52%, the removel rates of CODcr was 28.85% the removel rates of the volatile 
phenol was 17.03%.  Because the oily emulsified wastewater is commonly O/W type, the surface of oil 
droplets is covered by double electrode layer with negative electric. The pH of wastewater are adjusted to 
3~4,which will produce hydrion. Hydrion and double electrode will prompt oil droplets cohesion by 
reducing the electric charge of the droplet surface and disrupting its stability. At the same time the active 
surface substances of high carbon fatty acid or high carbon fatty alcohol in oil– water interface are 
dissociated and the oil droplets is lost stability to break of emulsion [8], thus the mineral oil of wastewater 
is removed. Throughout the experiment, with acidity lowing, the removal rate of phenol increased first 
and then decreased. This is because the lipophilicity of phenolic compounds is relatively larger, with the 
pH value increasing, the hydrogen atom of phenol molecules in the liquid in the form of hydrogen protons 
to produce phenol ion, so the solubility in oil changed smaller ; when the pH value was reduced to 
remove oil, the removal effect of phenol was better. Mineral oil and volatile phenol were a part of organic 
matter, which their removal was also conducive to the removal of organic matter. The oil shale retort 
wastewater of demulsification was carried in ferric-carbon micro-electrolysis treatment after oil 
seperation treatment. 
3.2 The treatment of oil shale retort wastewater by ferric-carbon micro-electrolysis 
The basic principles of ferric-carbon micro-electrolysis is that when cast iron scrap and carbon 
particles are immersed in acidic waste water, because of the electrode potential difference will be formed 
between low potential iron and carbon with high potential, many tinny proto batteries  will be formed in 
wastewater. In which iron was anode, carbon was the cathode, the reaction process is as follows: 
Anode: Fe - 2eĺFe2 +   E0 ( Fe2 + /Fe) = - 0.44 V 
Fe2 + - e ĺ Fe3 +  E0 ( Fe3 + /Fe2 + ) = -0.771 V 
Cathode: under acidic conditions:2H+ + 2eĺ2 [ H ] ĺH2  E0 (H+ /H2 ) =0.00 V 
Oxygenation conditions in acidic:O2 + 4H+ + 4eĺ2H2O E0 (O2 ) = 1.23 V 
Neutral conditions:O2 + 2H2O + 4e ĺ4OH-  E0 (O2 /OH- )= 0.40 V 
Fe2+ and the new eco-hydrogen [H] had a high chemical activity, which can make organic matter 
chain scission, and change the organic functional groups, so biodegradability of organic wastewater 
significantly increases, and provide favorable conditions for the follow-up biological treatment. 
A certain iron and activated carbon by mass ratio of uniform were mixed. They were loaded into the 
beaker of 250 ml, were adjusted pH, were placed in JBY-Ċ type flocculation blender by 5min of rapid 
stirring (300r/min) then slow stirring, and were stilled 2h. Supernatant was taken to determine CODcr, 
volatile phenol and colority. 
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1) Influence of iron/carbon ratio on the treatment effect 
The conditions were that the pH value of acidized oil shale retort wastewater were adjusted to 5.0 
and rapid stirring time was 60 min(300r/min). The different iron / carbon ratio on the CODcr, volatile 
phenol and colority on removing effect were investigated. Experimental result was shown in Table 3. 
Table 3 The results of different mass ratio of iron/carbon of oil shale retort wastewater treatment 





5:1 5440 312.49 3223.01
5:2 5280 185.72 2648.38
5:3 4800 171.37 2357.39
1:1 3280 142.8 1535.52
5:8 2480 13.97 61.09
1:2 2880 23.37 757.33
1:3 3680 45.19 1197.98
Table 3 showed that, when the iron/carbon ratio was 5:8, removal rate of CODcr was 66.49%, 
removal rate of volatile phenol was 98.43%, removal rate of colority removal rate was 98.22%.Using the 
ferric-carbon micro-electrolysis to treat the oil shale retort wastewater, was mainly through the primary 
cell response, redox reactions, coagulation and sedimentation and so on to treat the organic matter. When 
the content of carbon was low, the number of micro-electrolysis would be significantly reduced, thus 
weakened the electrolysis reaction degradating the CODcr, volatile phenol and color removal 
rate.Increasing cathode surface when the carbon was increased, can improve the removal effect to organic 
matter. But when carbon was took an overdose, the Fe and C electrode surface was not balance. 
consuming the amount of iron ,Fe2+ production rate was fast, then a large number of Fe2 + was 
accumulated and might react with • OH, hence effect is weakened [9-10]. The results of this study was 
identical with Song [11] and Haining Liu [12]. 
2) Influence of pH on treatment effect 
pH value of the wastewater directly affects the potential difference of electrolysis reaction and 
affects ferric-carbon micro-electrolysis. Under the condition that mass ratio of iron/carbon was 5:8 and 
stirring timing was 60min, different pH value had different influences on the removal rate of CODcr, 
volatile phenol and colority. The results were shown in Table 4. 
Table 4 The results of different pH of oil shale retort wastewater treatment 
pH value CODcr(mg/L) volatile phenol (mg/L) Colority (degree) 
1.0 1560 17.47 1260.95 
2.0 1400 13.74 1050.70 
3.0 1280 20.03 3043.66 
4.0 1400 9.81 3311.52 
5.0 1040 7.25 1726.70 
6.0 1280 10.59 1525.81 
 
As shown in Table 4: when pH was 5.0, ferric-carbon micro-electrolysis was the best method to  
dispose oil shale retort wastewater after acidification , removal rate of CODcr was 85.95%, removal rate 
volatile phenol was 99.19% and removal rate of colority was 49.68%. The reason was that Fe in low pH 
condition occurred the following reaction: Fe + 2H+ ĺ Fe2 + + H2. A lot of H+ exsited in low pH value, 
which responded fast; but it wasn’t that the lower the better, because the lower pH would change the 
existing form of the product, such as flocs that generated after the reaction were destroyed ,and the 
reaction of which produced colored deterioration of the treatment effect of Fe2+was bad. Many practical 
operation showed that it was not good or don’t react on neutral pH value or alkaline pH value [13]. 
After ferric-carbon micro-electrolysis, pH value of solution rose from 5.0 to 5.95.After reacting, the 
solution  of pH value for 1.0 rises to 1.67 and pH value for 6.0  reaches to 7.0. The reason of PH value 
rose was that under acid condition, cathode H + became [H], and generated H2 at last, which increased pH 
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value of solution. This was advantageous to ferric-carbon micro-electrolysis and the pH rose can provide 
conditions for subsequent biochemical treatment. 
3) Influence of stirring time on the treatment effect 
The conditions were that the pH value of acidized oil shale retort wastewater were adjusted to 5.0 , 
mass ratio of iron/carbon was 5:8 and rapid stirring time was 5 minute (300r/min). The slow stirring 
(60r/min) time on the CODcr, volatile phenol and colority on removing effect were investigated. 
Experimental result is shown in Table 5. 









As shown in Table 5: when stirring time was too short, it can not incompletely react, and the effect 
of treatment was not effective. As the stirring time extending, the removal rate of CODcr, volatile phenol 
and color  increased, but more than 60min, removal rate was not obviously improved. Because the stirring 
time was too long, which would increased the dissolution of iron and was oxidized to Fe3+.Also it would 
increase the color, and affected the treatment effect. In this study, the best stirring time was 60min [14]. In 
the ferric-carbon micro-electrolysis reaction, the activated carbon plays a part of adsorption in the 
beginning reaction, and then transfers to the scrap iron under the action of the electric field, further 
accelerating the adsorption process of electrolysis. The micro-electrolysis electric field takes place double 
shifted between the iron and activated carbon by stirring, which can prevent effectively the agglomeration. 
3.3 The change of UV - visible absorption spectra at treatment process of oil shale retort wastewater. 
In experiment, the treatment of ferric-carbon micro-electrolysis was good to removel the colority of 
wastewater. In order to investigate changes of the physical chemistry of material in wastewater, it makes 
UV - visible absorption spectra to do full-wave (190nm ~ 700nm) scan. Figure 1. Showed the absorption 
spectra. 
Figure1 showed that raw oil shale retort wastewater, oil shale retort wastewater after acidification 
and oil separation and oil shale retort wastewater treated by iron-carbon micro-electrolysis process didn’t 
appear the absorption band between 210nm and 700nm. Therefore conjugate alkenes, ҏҏҏĮˈȕ- unsaturated 
ketone, chromophores connected to benzene, aldehydes and ketones were not contained. Besides, lone 
multiple bonds were likely not contained. Yet maximum absorption wavelength of oil shale retort 
wastewater ranges between 190nm and 210nm. It  suggests that oil shale retort wastewater have 
conjugated diene, because lone multiple bonds (ethylene double bond) have S o S * absorption band in 
190nm.If two double bond conjugated, absorption band can shift to deeper colour and absorption intensity 
dramatically enhanced, this is called K absorption band. When double bond and carbonyl were 
conjugated, K absorption band was produced, and then R absorption band-bathochromic shifted. 
However, sometimes it was coverd by strong absorption band. If three Chromophore were conjugated, 
bathochromic shift of S o S *and noS * absorption band were stronger. Oil shale retort wastewater 
may contained aldehyde or ketone and Įˈȕ- saturated ketone, as well as aromatic nucleus, the main 
reason of that was benzene produced strong absorption band in 180nm~184nm˄ H 47000˅ and 









5 1840 55.8 1434.98 
10 1920 43.22 1088.98 
20 2120 37.91 959.82 
30 2000 40.27 888.98 
40 2240 21 784.82 
50 2000 32.41 780.65 
60 1600 23.76 697.32 
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band were called absorption fine structure absorption band. The reason of the production of absorption 
band were transfered of S o S * and overlap of Vibration Effect, then B absorption band was caused.  
 
           
    (a)                                                                (b) 
      
(c)                                                                (d) 
(a) shows the UV - visible absorption spectra of raw oil shale retort wastewater and oil shale retort wastewater in pH value 4. (b), (c) 
and (d) shows UV - visible absorption spectra of oil shale retort wastewater treated by iron-carbon micro-electrolysis process.(b) 
shows the different mass ratio of iron/carbon,(c) shows the different pH value, (d) the different stirring time. 
Figure1. UV - visible absorption spectra of oil shale retort wastewater 
As seen in Pic1 (a), Peaks of oil shale retort wastewater were not changed before and after 
acidification, it was shown that acidification had no obvious effects on the removal of colority. However, 
through the comparation of pic1 (a), (b)ˈ(c)and (d), absorption peaks of oil shale retort wastewater were 
weaker on a certain, because the conjugated double bond of conjugated diene, aldehyde, ketone, Įˈȕ-
acivinilalcohols and conjugated system of benzene ring were broken. It was shown that oil shale retort 
wastewater has been degradatied and decolorizatied effectively in the role of ferric-carbon micro-
electrolysis. 
4.  Conclusions 
 (1) Pretreatment of acidification and oil separation is mainly dealing with mineral oil in the oil shale 
retort wastewater, the optimum conditions were pH value 4.0 and sediment 24h. Under the conditions, the 
content of mineral oils is 1670mg/L, and its removal rate is 61.52%; the content of CODcr is 7400mg/L, 
and its removal rate is 28.85%; the content of volatile phenol is 891.17mg/L, and its removal rate is 
17.03%. 
(2) The process of ferric-carbon micro-electrolysis on the color removal rate was higher, the optimum 
conditions were ferrous-carbon mass ratio 5:8, pH 5.0, 5min of rapid stirring (300r/min) then 60 min 
(60r/min) slow stirring and sediment 2h. After the combined pretreatment of acidification and ferric-
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carbon micro-electrolysis, the content of CODcr is 1600mg/L, and its removal rate is 78.38%, the content 
of phenol is 21mg/L, and its removal rate is 97.64%, the content of colority is 697.32 degree, and its 
removal rate is 79.68%. At the same time, the B/C value of wastewater increases from 0.05 to 0.34, which  
Under optimal conditions, CODcr removal rate was 78.38% by combined process of acidification / iron 
carbon inner electrolysis treatment wastewater, Volatility phenol removal rate was 97.64%, color removal 
rate was 79.68% while BOD / COD value increased from 0.05 to 0.34, which made difficultly degradable 
organic wastewater became biodegradable wastewater and created favorable conditions for the biological 
treatment. 
(3) Under the action of ferric-carbon micro-electrolysis, oil shale retort wastewater got effective 
degradation and decolorization. Because the conjugated double bond of conjugated diene, aldehyde, 
ketone, Įˈȕ-acivinilalcohols and conjugated system of benzene ring were broken.  
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